ABSTRACT
INTRODUCTION
Measurement of light production by luciferase-cDNA transfected cell lines has proven to be a valuable technique in the development of reporter gene assays in which the luciferase is used as an indicator for the transcription of other genes (2, 3) . Luciferase is the reporter gene of choice due to the high sensitivity by which it can be detected (10 -20 mol). The sensitivity of luciferase-based assays stems from the high quantum efficiency of this type of luminescent reaction (2) . Light production results from the reaction of the active site (carboxyl group) of luciferin with ATP. The initial reaction leads to the reversible formation of adenyl-luciferin and pyrophosphate. The adenyl-luciferin reacts with molecular oxygen to give light emission and adenyl-oxyluciferin ( Figure 1 ). However, very short (flash-type) kinetics result from suicidal adenyl-oxyluciferin formation at the enzyme surface (1). Several substances, such as coenzyme A, have been described that may prolong the light signal by enhancing the light yield (enhanced flash, 10-min signal half-life) (5) .
The LucLite ™reagent system contains a mixture of several substances that produce a glow-type luminescent signal with a half-life of 5-8 h in response to luciferase (4) . Components of the system prevent the formation of the adenyl-oxyluciferin at the enzyme surface in a way that is different from previously described compositions. The LucLite reagent system is clearly distinguished from all other so-called glow systems in that the light output produced has a half-life of at least 5 h, compared to a maximum of 10 min observed with other systems. In addition, the instability of the reporter enzyme luciferase during both cellular transfection and signal measurement stages is overcome by the inclusion of stabilizing reagents in the LucLite composition.
The LucLite reagent system is composed of a substrate, a reconstitution buffer, an enhancer and a positive control. The LucLite enhancer solution, added at a final concentration of 0.1%-1.0% to the culture medium during the full incubation (transfection) period, can significantly improve expression of luciferase by poorly expressing cells such as T cells. When applying the enhancer, the cytotoxicity level for each cell line should be evaluated first. The LucLite substrate is a lyophilized mixture of reagents that, when reconstituted with the LucLite buffer, prevents both luciferase breakdown by cellular enzymes following lysis of the cells and adenyl-oxyluciferin/luciferase interaction. The result is the production of a glow-type bioluminescent signal. The principle of LucLite is illustrated in Figure 1 .
Both transient and stable transfected cell lines can be used with the LucLite system. The transcription of luc is rather fast (luciferase can be detected as early as 5 h after transfection), and the handling for signal measurement is very quick when using LucLite, which is a true homogeneous mix and measure assay system. The design of one-day assays is often possible, even with many microplates per experiment. Since there is no restriction to specific cell lines, there is also the choice of a wide range of possible assay designs. ground. Alternatively, T cells were transfected by DEAEDextran treatment. Briefly, cells were centrifuged, suspended in phosphate-buffered saline (PBS; Life Technologies, Paisley, Scotland) at a density of 2 × 10 6 /mL. DEAE-Dextran mol wt 50 0 000 (Code No. 17-03450-01; Pharmacia Biotech Europe, Brussels, Belgium) was added at a concentration of 125 µ g/mL and cDNA constructs added at a concentration of 1 µ g/mL. After an incubation period of 15 min at 37°C, an equivalent volume of growth medium was added. The cells were centrifuged and resuspended in growth medium, without phenol red, supplemented with 1% LucLite enhancer solution, 10 mM HEPES and antibiotics, to a final concentration of 5 0 000 cells/well (100 µ L). The luminescence was measured on a TopCount counter, 20 h after the transfection of the cells.
MATERIALS AND METHODS

Transient Transfection of Cells
Effect of Cell Lysates on LucLite Light Output
Experiments with other cell lines (CHO, CHC, HeLa, COS and BHK) were performed to assess the effect of cell lysates on the LucLite signal. Lysis of the respective cell suspensions in 100 µ L/well of culture medium without phenol red were carried out using 100 µ L/well of the reconstituted LucLite substrate and addition of 10 µ L/well of the LucLite 916BioTechniques
Vol. 20, No. 5 (1996) luciferase positive control. This yields approximately 1 × 10 7 counts per second (cps) per well. All LucLite assays were carried out in sterile, white, 96-well CulturPlates. The luminescence was measured on a TopCount counter using 0.15-min count time per well, in SPC mode at 22°C following a 5-min dark adaptation. White microplates are recommended for use with LucLite, as they provide the optimum light yield. Furthermore, TopCount provides batch processing capability to stack and count more than twenty microplates. High throughput is achieved by short count times and counting up to 12 wells simultaneously.
RESULTS AND DISCUSSION
LucLite Signal Stability
The signal stability observed with LucLite is illustrated in Figure 2 , which summarizes the cps observed with a serial (1:10) dilution of firefly luciferase ( Photinuspyralis; EC 1.13.12.7) from 10 ng/well down to a reagent blank in HEPES buffer. The dilutions were prepared in a white CulturPlate and measured on TopCount over a period of more than 3 h at 22°C. Figure 2 shows that as low as 10 fg of luciferase are detected with practically no signal decay observed during the first 2 h of measurement.
LucLite Signal Observed with Transiently Transfected Cells
The results of transient transfection assays using the DEAE-Dextran and an electroporation technique for T-cell lines (Jurkat; ATCC TIB-152) are shown in Figure 3 .
Effect of Cell Lysates on LucLite Light Output
The effect of cell lysates on LucLite was investigated by adding 100 µ L LucLite buffer containing lysate equivalents of 10 0 000 cells to a luciferase preparation in HEPES buffer producing approximately 10 0 000 cps. The cell lysates were prepared from Jurkat, CHO, BHK, COS and HeLa cells, respectively. A culture medium was included only as a control. Figure 4 shows that no significant impact on LucLite light output is observed with cell lysates of 10 0 000 cells.
CONCLUSION
Use of the luciferase gene as an indicator function has been described as a highly sensitive technique yielding quantitative data. Nevertheless, as with the commonly used chloramphenicol acetyl transferase (CAT) assays, harvesting and preparation of cell lysates before quantitation of the reporter protein are major drawbacks, particularly in high-throughput screening programs. Instability of the luciferase during both the transfection and measurement periods, and the short-lived light output of existing assays, has complicated the use of luciferase-based reporter gene assays for high throughput. Results show that LucLite, requiring very few handling steps and in combination with TopCount's single photon measurement capability, increases the sensitivity for detection of bioluminescence signals to a level that makes transient transfection systems, with a low transfection rate, feasible for high-throughput screening. The simplified assay procedure also makes complete robotics automation possible. The long half-life of over 5 h and linear decay characteristics allow batch preparation and counting of several microplates. The system is universal for many if not all cell lines and transforms the luciferase reporter gene principle into a simple-touse and rapid research tool for high-throughput screening applications.
